It is investigated how a reduction in the number of measurements influences uniformity decisions in distinctness, uniformity and stability (DUS) testing. Using real data from DUS trials performed in Poland for several species, it is shown that when final decisions are taken after three years of testing, a reduction in the number of measurements by 50% of the numbers indicated in the Guidelines has very limited impact on decisions (rejection or approval of candidate variety). Decisions taken after one year (or two years) are more dependent on the numbers of measurements.
Introduction
At the end of the breeding process of new varieties of any cultivated species, a new (often called candidate) variety, before being listed on (for example) the National List of Varieties, must be checked to establish whether it is distinct from any other variety (variety of common knowledge) and whether it is sufficiently uniform and stable. According to the UPOV (International Union for the Protection of New Varieties of Plants) Convention, a new variety must be statistically different from all other varieties for at least one phenotypic characteristic and must be sufficiently uniform for all characteristics used for establishing distinctness. Sufficient uniformity means that its uniformity must be at least at the uniformity level of the varieties used as standards (varieties already listed). If a variety is distinct and uniform it is deemed also to be stable.
In some cases stability is also tested using seed of different generations of the same variety within the same trial. In testing distinctness the mean values of characteristics are involved, whereas in testing uniformity, the standard deviations are compared. Uniformity is usually more difficult to achieve (as uniformity concerns all characteristics) than distinctness (where a significant difference for one characteristic is sufficient). Decisions are usually taken after three years of testing in one location (the so-called DUS trials). Depending on species, the number of observed (measured) Pilarczyk and Kowalczyk (2011 , 2012 , 2014 it has been shown that a reduction in the number of measurements by 50% (for quantitative characteristics) has a very limited impact on decisions concerning the distinctness of grass varieties. In this paper the consequences of such a significant reduction in numbers of measurements for uniformity decisions concerning varieties of several species of grasses are reported.
Materials and methods
The same DUS trial data as those used by Pilarczyk and Kowalczyk (2011 , 2012 , 2014 were used here. The data concern red fescue, meadowgrass and perennial ryegrass (including amenity type) varieties. was tested firstly using all available data and secondly using only half (randomly chosen) of the data. For testing uniformity, the standard procedure COYU (Combined-Over-Years Uniformity) (Talbot, 2000) , implemented in the DUSTNT package (Watson, 2000 ; see also Weatherup, 1992) , was applied. The COYU method is officially promoted by UPOV as the best method for testing uniformity of new varieties for cross-pollinated species. Decisions are usually taken after three (sometimes after two) years of testing. The list of observed (measured) quantitative characteristics for the considered species is given in Table 1. In the COYU method, the uniformity of each variety is verified by comparison of its standard deviation (after logarithmic transformation) with the threshold value UC, calculated as (see Talbot, 2000 )
where SD r denotes the average of the standard deviations (also after logarithmic 
Results
The method described above was applied twice: the first time with the use of all available data (60 measurements for each characteristic in every trial), and the second time with the use of only a randomly chosen half of the data. The random subsample was extracted from the database in such a way that 50% of the measurements from every plot were taken. The results were collected in the form presented in Table 2 . full data uniformity lack of uniformity uniformity n 11 n 12 reduced data lack of uniformity uniformity n 21 n 22
In Table 2 , n 11 denotes the common number of positive decisions (no reason to reject uniformity), n 22 the common number of negative decisions (variety rejected as non-uniform), n 12 the number of cases where the variety was declared non-uniform based on the reduced data set but uniform when the full data set was considered, and n 21 the number of cases where the reverse situation appeared.
Using data collected in the form presented in Table 2 , the so-called coefficient of conformity CC was calculated according to n n n CC
where n = (n 11 +n 12 +n 21 +n 22 ).
Coefficients CC were calculated for all varieties (established and candidate) present in trials and separately for candidate varieties The results are given in Table 3 .
Comments and conclusions
In papers by Pilarczyk and Kowalczyk (2011 , 2012 , 2014 it was shown that reduction of the number of measurements in DUS trials on different species of grasses had very limited impact on distinctness decisions concerning varieties both in single trials and in two-and three-year series of such trials. A slightly different situation exists in the case of the testing of uniformity. As shown in Table 3 , the uniformity decisions after three years of testing are practically identical. However, for two-year series there exist serious discrepancies. This means that a reduction in the number of measurements in DUS trials on grasses is possible as long as the final decisions on candidate varieties are taken after three years. This is common practice among UPOV members. However, when a so-called early decision (taken after two years of testing) is expected, the number of measurements should not be changed. 
